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The presynaptic active zone contains a complex web of proteins involved in synaptic transmission. In this
issue of Neuron, two articles show evidence that one of these proteins, Bassoon, coordinates multiple func-
tions in a conventional and ribbon-type synapse.Synapses in the vertebrate nervous
system are morphologically diverse.
Broadly, they can be subdivided into
conventional and ribbon-type synapses.
Conventional synapses are composed of
an aggregate of synaptic vesicles contain-
ing neurotransmitters in close apposition
to the postsynaptic density (Figure 1A).
Ribbon synapses, found in photorecep-
tors, bipolar cells, and sensory hair cells,
display in addition presynaptic ribbons,
which tether synaptic vesicles close to
the release sites (Figure 1C). Despite this
morphological difference, ribbon and
conventional synapses share most pro-
teins of the cytomatrix at the active zone
(CAZ). The functions of each member of
the CAZ and their interactions with other
proteins involved in the vesicle cycle are
still incompletely understood.
In this issue of Neuron, two papers
provide new insight into the role of one
CAZ protein, Bassoon. Previous work has
suggested that Bassoon has a structural
role in forming the presynaptic complex,
since it is one of the first to be delivered
to developing synapses (Regus-Leidig
et al., 2009; Ziv and Garner, 2004; but
see Mukherjee et al., 2010). Mutants lack-
ing functional Bassoon exhibit displaced
ribbons in both photoreceptors and hair
cells (Figure 1D; Dick et al., 2003; Khimich
et al., 2005). At conventional synapses,
however, the lack of this protein does not
lead to obvious structural changes
(Figure 1B), challenging the idea that
Bassoon is primarily a scaffolding element
there (Altrock et al., 2003;Mukherjee et al.,604 Neuron 68, November 18, 2010 ª2010 E2010). Both in the photoreceptor and hair
cell ribbon synapses and in approximately
50% of hippocampal conventional syn-
apses, synaptic transmission is substan-
tially impaired in the absence of Bassoon,
suggesting that, whenpresent, this protein
is important for the vesicle cycle (Altrock
et al., 2003; Dick et al., 2003; Khimich
et al., 2005).
The differences between the morpho-
logical effects observed at conventional
and ribbon synapses and their apparent
molecular heterogeneity raise the ques-
tion of whether Bassoon plays the same
tune everywhere. Now Frank et al. (2010)
and Hallermann et al. (2010) investigate
the role of this protein in one synapse
that contains ribbons and one that does
not, respectively. Their results demon-
strate interesting parallels and differences
regarding Bassoon’s function in these
two presynaptic environments and sug-
gest that Bassoon may have multiple
functions.
Bassoon Speeds up Refilling
Bassoon’s role in synaptic release has
been evaluated by comparing wild-type
mice with two mutants: one in which the
central part of the Bassoon gene has
been deleted (BsnDEx4/5), leading to
expression of an incomplete protein frag-
ment (Altrock et al., 2003), and amutant in
which the gene is trapped in intron 1-2
(Bsngt, Hallermann et al., 2010). Frank
et al. (2010), primarily using BsnDEx4/5,
and Hallermann et al. (2010), primarily
using Bsngt, investigate the effect oflsevier Inc.Bassoon disruption on synaptic transmis-
sion in hair cells and in the cerebellar
mossy fiber to granule cell (MF-GC) syn-
apse, respectively.
In both studies, refilling of the readily
releasable pool of vesicles seems to be
impaired. The mutant mice displayed
enhanced synaptic depression in
paired-pulse protocols and during high-
frequency stimulation, which was particu-
larly pronounced at higher frequencies in
the cerebellar preparation and at short in-
terpulse intervals in hair cells, suggesting
a specific defect in fast refilling. Of partic-
ular note, both types of synapses left
intact a slower mechanism of recovery
from depression that was capable of refill-
ing the vesicle pool at longer time inter-
vals. These results are in contrast to the
earlier finding of near-normal recovery
from paired-pulse depression in cultured
and acute hippocampal preparations
(Altrock et al., 2003). Why would the
MF-GC and hair cell synapses exhibit
profound defects in recovery from syn-
aptic depression whereas other prepara-
tions do not? One intriguing possibility,
suggested by Hallermann et al. (2010), is
that the mechanism affected by the
Bassoon mutations is only used at syn-
apses where release probability is high
and fast replenishment is necessary to
keep upwith the demands of the synapse.
Consistent with this idea, both the hair
cell and MF-GC synapses exhibit high
release probability under the conditions
tested, and the results of Hallermann and
coworkers indicate that reduction of
Figure 1. Effects of Bassoon’s Disruption at Conventional
and Ribbon Synapses
(A) Awild-type conventional synapse. The presynaptic terminal is filledwith un-
primed vesicles (brown spheres). At any time, a limited number of vesicles are
primed and fuse (orange) close to the Ca2+ channels (red symbols) clustered at
the cell membrane. Bassoon (yellow symbols) interacts with rapidly recruitable
vesicles (green sphere) in a way that is as yet not understood, facilitating the
reloading of the active zone with release-ready vesicles (dashed arrow).
(B) A mutant conventional synapse. In this scenario, rapid refilling of the active
zone with rapidly recruitable vesicles is impaired (dashed arrow) without major
morphological changes in the presynapse.
(C)Awild-type ribbonsynapse.Unprimedvesicles (brownspheres) tetheraround
a massive structure called synaptic ribbon, which is anchored to the membrane
by direct interactions at its base with Bassoon (yellow symbols). Primed vesicles
(orange symbols) gather at the bottom of the ribbon and are released close to
tight clusters of Ca2+ channels (red symbols). The nature of the relationship
between Bassoon, the reloading of rapidly recruitable vesicles (green spheres),
and the clustering of Ca2+ channels are still a mystery (dashed arrows).
(D) A mutant ribbon synapse. Bassoon’s disruption leads to floating ribbons,
a decreased number of unprimed (brown spheres) and primed (orange spheres)
vesicles and a failure in the correct clustering of Ca2+ channels (red symbols) at
the cell membrane. Under these circumstances, the reloading of rapidly recruit-
able vesicles (green spheres) to release sites is impaired (dashed arrow).
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Previewsextracellular Ca2+ to reduce
release probability also
lessen the effects of
Bassoon’s absence (Haller-
mann et al., 2010).
Because Bassoon is a
large multidomain protein
(400 kDa) that interacts with
numerous partners (Wilson,
2003; Ziv and Garner, 2004),
onemay reasonably have pre-
dicted profound and nonspe-
cific synaptic transmission
defects in the mutants. In this
context, the specificity of the
effects on synaptic depres-
sion at the MF-GC synapse is
particularly striking (Haller-
mann et al., 2010). Bassoon-
deficient synapses exhibit no
change in the kinetics or size
of basal synaptic transmis-
sion, vesicle pool size, or
release probability, whereas
in hair cell synapses the
readily releasablepool of vesi-
cles is substantially dimin-
ished (Frank et al., 2010). It
remains to be determined
whether Bassoon affects re-
filling directly or by bringing
proteins, vesicles, or other
molecules intocloseproximity
to one another.
Bassoon’s Additional
Functions
If on the one hand the
absence of Bassoon leads to
somewhat comparable func-
tional effects at ribbon and
conventional synapses, on
the other hand it also reveals
fundamentally different roles
that this protein can have in
these systems. The most
obvious effect of both muta-
tions lies in the structural
changes of ribbon synapses,
which may be explained in
part by a role for the ribbon it-
self. Decreased numbers of
attached ribbons have previ-
ously been reported in photo-
receptor (Dick et al., 2003)
and hair cells (Khimich et al.,
2005). The presence of
both ribbon-containing andNeuron 68, November 18ribbonless synapses in both
Bassoon mutants enabled
Frank et al. (2010) to demon-
strate in these animals
a smaller number of docked
vesicles per ribbon-associ-
ated active zone and a seem-
ingly random distribution of
vesicles in ribbonless active
zones. This is in contrast
with the finding that the
morphology of conventional
hippocampal synapses in the
BsnDEx4/5 animals looks nor-
mal (Altrock et al., 2003).
The involvement of
Bassoon with Ca2+ channels
also seems to vary with the
kind of synapse. Mutant hair
cells exhibit decreased Ca2+
currents, malformed Ca2+
channel clusters, and an
apparent decrease in open
channel probability, leading
to smaller evoked responses
without influencing the
coupling between Ca2+ chan-
nels and release (Frank et al.,
2010). Ribbon-containing
synapses in Bassoonmutants
exhibited an intermediate
phenotype with fewer Ca2+
channels and vesicles than
wild-type ribbon synapses,
but more of both than syn-
apses that lacked the ribbon
altogether (Frank et al.,
2010). MF-GC synapses of
the cerebellum, however, do
not seem to display the same
effects, since the mutations
exert no effect in the size of
evoked EPSCs at rest (Haller-
mann et al., 2010).
The heterogeneity of
effects observed in the
absence of Bassoon sug-
gests that synapses them-
selves are quite variable in
their molecular composition
and in the roles of each
component of the vesicle
cycle. It is not surprising to
find this variability among
types of synapse: after all,
conventional and ribbon
synapses look different, so
why shouldn’t they be, 2010 ª2010 Elsevier Inc. 605
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have acquired an additional function as
a stabilizing factor for the presynapse,
which would partly explain why Bassoon
does not seem to be necessary for vesicle
docking or holding the CAZ together at
conventional synapses but is crucial for
the stability of some types of ribbon
synapses. It could play one song here or
two there, according to need and to the
expression of other protein partners.
Bassoon: Instrument, Musician,
or Conductor?
The presence of a small percentage of
ribbon-containing synapses in mutant
photoreceptors and hair cells (Dick et al.,
2003; Frank et al., 2010) suggests that
Bassoon is not always needed there. The
same holds for conventional synapses,
since around 50%ofmutant hippocampal
synapses look and function normally
(Altrock et al., 2003). Are these synapses
really intrinsically heterogeneous, or are
we looking at compensatory mechanisms
triggered by the induced mutations, such
as the upregulation of the closely related
protein Piccolo in BsnDEx4/5 mice (Altrock
et al., 2003)? This is one of themany ques-
tions that remain to be answered. A recent
article has pointed out that Piccolo and
Bassoon can indeed have a redundant
role in vesicle clustering at conventional
synapses and compensate the absence606 Neuron 68, November 18, 2010 ª2010 Eof each another to a certain extent (Mu-
kherjee et al., 2010), but the exact mecha-
nism through which they gather vesicles
close to release sites remains elusive.
The mechanism of Bassoon action on
vesicle refilling and Ca2+ channel coordi-
nation also remains unresolved. As a giant
protein, Bassoon has many potential
binding sites that could allow for a panoply
of protein-protein interactions (Wilson,
2003; Ziv and Garner, 2004). The middle
part (arising from exons 4 and 5) of the
protein is crucial for fixation to the CAZ
(Altrock et al., 2003; Dick et al., 2003;
Dresbach et al., 2003) and for anchoring
the ribbon through direct interactions
with RIBEYE (tom Dieck et al., 2005). It
follows that other sites on Bassoon could
either act indirectly by facilitating interac-
tions between partner proteins or more
directly by interacting with vesicles. Inter-
actions via partners such as cytosolic
PRA1-Rab3a (Ziv and Garner, 2004) and
with Ca2+ channels via other CAZ proteins
are likely to play some role in these
processes. It remains to be determined
how these interactions take place, how
they are regulated, and what the other
players in this piece are.REFERENCES
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